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Forward and reverse current-voltage characteristics of Mo/n-Si Schottky barrier structures 
have been studied experimentally in the temperature range 130—330 K. The Schottky barrier 
height is found to increase and the ideality factor to decrease, as the temperature grows. The 
obtained results are analyzed in the framework of a non-uniform contact model. The average 
value and the standard deviation of a Schottky harrier height are determined to be 0. 872 and 
0.099 V, respectively, at T = 130^220 K and 0.656 and 0.036 V, respectively, at T = 
= 230^ 330 K. Thermionic emission over the non-uniform barrier and tunneling are shown 
to be the dominant processes of charge transfer at a reverse bias voltage. 
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1. Introduction 

Structures with a Schottky contact are widely used, 
while manufacturing high-speed logic, integrated, and 
opto-electronic elements. Therefore, the interest of 
scientists to similar structures is quite obvious. One 
of the basic approaches to the description of a current 
through the the metal-semiconductor (MS) contact is 
the theory of thermionic emission (TE). In an ideal 
case, the TE current / through the structure is de- 
scribed by the expression [l-.Sl] 



I^Is{eMqV/{kT)]-l}, 



(1) 



where V is the bias voltage applied to the structure. 

Is - SA*T^ exp[-(7$b/(fcT)] (2) 

is the saturation current at the reverse bias, S is the 
contact area, A* is the effective Richardson constant, 
and <!>{, is the Schottky barrier height (SBH). The lat- 
ter is defined as the difference between metal's work 
function and the semiconductor electron affinity [1]. 
However, expression ([T]) is too simplified for the case 
of real MS structures, for which such phenomena as 



the action of image forces, the presence of an interme- 
diate dielectric layer and electron states at the inter- 
face, a non-uniformity of contact, and a drop of the 
applied voltage not only across the depletion region 
in the semiconductor have to be taken into account. 
As a consequence, the following equation is often used 
to describe the TE current through the Schottky con- 
tact dl: 



I = Is exp 



qiV - IRs) 



nkT 



1 — exp 



q{V - IRs) 
kT 



(3) 
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where n is the ideality factor, Rs is the series re- 
sistance, and Is is also described by expression ([2]), 
but the quantity $h, as well as n, becomes depen- 
dent on the contact state and the temperature T. 
Besides TE, probable mechanisms of charge transfer 
in MS structures are generation-recombination pro- 
cesses in the contact region, various current leakage 
processes, tunneling, thermally induced field emission 
(local energy levels can play a considerable role in 
the last two cases), and so forth (il-liot. As a re- 
sult, the total current is often considered as a sum 
of several terms. Each of them is associated with a 
specific charge transfer mechanism, which can domi- 



126 



ISSN 2071-0186. Ukr. J. Phys. 2013. Vol. 58, No. 2 



Features of Charge Transport in Mo/n-Si Structures 



nate in that or another temperature or field range 0- 
@|. In particular, in many cases-such as generation- 
recombination currents, thermally induced field emis- 
sion, trap-assisted tunneling, and so on-those terms 
look similar to those in Eq. However, while de- 
scribing the saturation current, other expressions, dif- 
ferent from Eq. ([2]), have to be applied. 

Note that, owing to a wide variety of affecting 
factors, the problem of predicting a specific charge 
transfer mechanism in structures with a Schottky 
barrier under definite conditions, including temper- 
ature ones, is a complicated task, which has no gen- 
eral solution. On the other hand, the technology 
development assumes that the scope of requirements 
should be extended to include the conditions, under 
which semiconductor devices would operate. There- 
fore, the aim of this work was to elucidate the mecha- 
nisms of charge transfer at forward and reverse biases 
in Mo/n-Si structures, which were fabricated follow- 
ing the standard industrial technology, at tempera- 
tures below their nominal operating range. Analo- 
gous structures are used at manufacturing the rec- 
tifying diodes, in particular, of 2D219 type. As a 
result, the measurement of current- voltage character- 
istics (CVCs) was selected as the main method of 
researches. The data obtained are analyzed in the 
framework of the inhomogeneous barrier model 
[l3| . Lately, this model has been used more and more 
widely for the interpretation of experimental data ob- 
tained for various structures with a Schottky barrier 
different by their composition (l^ - [20| . 

2. Specimen Fabrication. Measurement 
and Calculation Techniques 

In our researches, we used Schottky diodes with the 
following structure. An epitaxial n-Si:P layer 0.2 /im 
in thickness was deposited on a n"''-Si:Sb substrate 
(KES 0.01, a thickness of 250 ^lm). A Schottky con- 
tact 2 mm in diameter was created on the epitaxial 
layer surface by depositing a molybdenum layer. The 
other, ohmic, contact was created on the opposite 
substrate side. The structures were fabricated at the 
Tomilino Electronic Factory (Russia). 

The current-voltage characteristics of the struc- 
tures concerned were measured in the interval of dc 
current variation of 10~^-10~^ A at the forward and 
reverse biases with a voltage increment of 0.01 V and 
in the temperature interval 130-330 K. The spec- 
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Fig. 1. Forward (right panel) and reverse (left panel) CVC 
branches for Mo/n-Si Schottky diodes measured in the temper- 
ature range 130-330 K with an increment of 20 K. The curves 
in the right panel illustrate the approximation of the forward 
CVC branch at T = 130 K by formula l|4j: current I\ (dashed 
curve), current I2 (dotted curve), and their sum (solid curve); 
the corresponding approximation parameters are n\ = 1.67, 
n2 = 2.53, i"si = 5.0 x IQ-i^ A, /s2 = 3.8 x lO'io A, and 
Rq = 4.1 X 10^ Q.. The initial section of the forward CVC 
branch at T = 130 K is shown in the inset 

imen temperature was monitored with the use of a 
copper-constantan thermocouple. 

Some examples of forward and reverse CVC 
branches registered at various temperatures are de- 
picted in Fig. [TJ One can see that, at temperatures 
higher than 250 K, the forward CVC branches are al- 
most linear on the semilogarithmic scale, within the 
interval of current variation being of about three or- 
ders of magnitude. At the same time, at T < 210 K, 
the total current can be divided into two components. 
In particular, for the CVC associated with the cur- 
rent that dominates at low biases, the influence of the 
series resistance is substantial, which is evidenced by 
a deviation of the exhibited curves from linearity in 
the interval 7 x 10"^ A < J < 5 x 10""^ A. In this 
connection and taking Eq. ([3]) into account, the fol- 
lowing expression was used to describe the forward 
CVC branches: 



I = h + h = hi exp 



-I- Js2 exp 



n2kT 



qV_ 

nikT 



1 — exp 



1 — exp 



qV 
kT 



+ 



q{V~IRs) 



kT 



(4) 



Here, the first term prevails at / > 10 ^ A, and the 
second one at / < 5 x 10^^ A. Note that another 
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Fig. 2. Dependence of the capacity C (curve 1 ) and the quan- 
tity (curve 2) on the applied voltage for Mo/n-Si Schottky 
diodes at T = 295 K. Points correspond to experimental data, 
and the curve to their linear approximation 

known technique used to make aUowance for the ex- 
istence of CVC pecuharities at low biases consists in 
the insertion of a shunting resistance rather than the 
term 12- However, in our opinion, such an approach 
is not justified in this case, because the forward CVC 
branch is not linear even at the lowest biases (see the 
inset in Fig. 1). 

In order to determine the fitting parameters, the 
following procedure was used. Two sections were se- 
lected in the forward CVC branch, in which 10^^ A < 
< I < 10-2 A and lO'^ A < / < lO""^ A, respec- 
tively. The data for the former were used to plot the 
dependence of the quantity ln//[l — exp {~qV/kT)] 
on V. The obtained curve was approximated by a 
straight line, the slope and the free term of which 
were related to the magnitudes of ni and /gii respec- 
tively. From the data for the latter section and using 
the Cheung [2l| and Gromov [2^ methods, the mag- 
nitude of Rs was determined. The application of two 
techniques was aimed at enhancing the reliability of 
data obtained. The corresponding values turned out 
to be equal to each other to within 10%. After the 
value for i?g had been determined, the quantity V in 
the latter section was replaced by the effective volt- 
age V* — V — IRs- Then the /g2- and n2-values were 
determined following the procedure described above. 

Figure [T] illustrates an example of the approxima- 
tion of the experimental forward CVC branch reg- 
istered at a certain temperature. The approxima- 
tion was carried out with the use of formula (|H) , and 
the parameters were obtained following the described 



routine. A good coincidence between the calculated 
curve and the experimental points is evident. 

Basing on expression ^ and obtained /si- and /s2- 
values, we also determined the corresponding SBHs 
at the zero bias, $bi and $(,2, respectively. In 
the calculations, we assumed that, for n-Si, A* = 
= 112 A/cmVK^ [Hi and = 3.14 x 10"^ m^ 

For monitoring the doping level, we measured the 
capacity-voltage (volt-farad) characteristics (VFCs) 
of the studied structures at room temperature, T = 
— 295 K; see Fig. [2] The results obtained show that 
the concentration of charge carriers in the epitaxial 
layer is No = 1-3 x lO^"^ m~^. In addition, with the 
help of the expression j3l.[23| 

$6,CV - K + Vo + kT/q, (5) 

we determined the SBH $f,,cv = (0.689 ± 0.002) V. 
In Eq. dil), the quantity qVn = fcTln (Nc/Nd) equals 
the energy difference between the conduction band 
bottom and the Fermi level position, Nc is the ef- 
fective density of states near the conduction band 
bottom, and Vq is the abscissa of intersection point 
between the voltage axis and a straight line approxi- 
mating the dependence of C~^, where C is the capac- 
ity of a Schottky diode, on the reverse bias voltage. 
Note that the SBH determined in such a way should 
exceed the corresponding value obtained with the use 
of CVCs [3]. 

3. Results and Their Discussion 

First, let us consider the features in the current that 
prevails at high temperatures and high biases; it is 
/i . The obtained temperature dependences of param- 
eters are shown in Fig. |31 One can see that, the value 
of <I>bi increases, as the temperature grows. It was 
experimentally demonstrated [23,[2^ that the oppo- 
site tendency has to be observed at the temperature 
elevation in real structures with a uniform Schottky 
barrier, provided that the TE dominates, with the 
temperature coefficients for the reduction of the SBH 
and the energy gap width Eq being very close to each 
other in this case. On the other hand, it is known that 
the SBH determined with the help of CVCs can differ 
from the real one. In particular, the authors of work 
(26| assert the necessity of carrying out measurements 
at a constant current across the contact and propose 
to use the expression 

$bct = - {nia - l){kT/q) In (5A*TV/c) , (6) 
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where rt/^ is the ideahty factor at a definite constant 
current Iq, for the evaluation of the effective barrier 
height <i>bof- In the cited work [2^], it was shown that, 
in the case of TE through a homogeneous contact, 
the magnitude of <i>bcf almost coincides with the real 
barrier height and the both quantities have the same 
temperature dependence. 

We calculated $bcf according to formula ([6]) at 
Ic = IQ-^ A (Fig. H curve 3). For the sake of 
comparison, the same figure exhibits the temperature 
dependence of Eg- When calculating the latter, we 
took EciT) = EGiO)--fT^/{T + (3), where £^G(Oi = 
1.17 eV, /3 = 636 K, and 7 = 4.73 x 10"'' eV/K^ 
One can see that, although the magnitude of <I>bof 
varies within a much narrower interval, its tempera- 
ture dependence also differs from the behavior of Eq , 
especially at low temperatures. 

On the other hand, there exists a procedure to 
calculate the parameter A* [1,[2^ consisting in the 
plotting of the Richardson dependence, i.e. the de- 
pendences of the quantity ln(/s/T^) on {kT)~^ (see 
Fig. 21 curve 1). According to Eq. it has to be 
described by the expression 

In (/s/T^) = ln{SA*) - q<Pb/{kT). (7) 

However, it is evident that the linear dependence is 
really observed, but only in two intervals rather than 
in the whole temperature range. The calculations by 
formula Q gave rise to ^ (0.141 ± 0.004) V 

and yl^i = (3.7 ± 0.8) x lO^^o A/cm^/K^ in the 
intervari30-220 K and to ^mji = (0.599 ±0.003) V 
and jj = (30± 10) A/cmVK^ in the interval 230- 
330 K. It is evident that the values of A*j^ jj and, 
especially, A*j^ j differ from the literature data. 

As we know from the literature [Ss'l , in the case of a 
substantial deviation from ideality, it is expedient to 
use the transformed Richardson dependence for the 
determination of A* , in which the quantity {nkT)~^ 
rather than (kT)^^ is reckoned along the abscissa 
axis. However, in our case, the transformed Richard- 
son dependence (Fig. |4l curve 2) is also non-linear. 

While summarizing the above consideration, it is 
necessary to recognize that the obtained results can- 
not be explained in the framework of the theory for 
TE through a uniform contact. On the other hand, 
the model of inhomogeneous Schottky barrier has of- 
ten been used recently to explain the CVCs of real 
metal-semiconductor structures In particu- 

lar, according to the model proposed in work [llj, if 
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Fig. 3. Temperature dependences of the barrier height (a) 
and the ideahty factor (6) for Mo/n-Si Schottky diodes: #(,1 
(1), *i,2 (2), *bef (3), ni [4), and n2 (5). The dotted hne 
depicts the linear approximation of curve 2. The sohd curve 
in panel a corresponds to the temperature dependence of the 
energy gap width in Si 




Fig. 4- Ordinary (1) and transformed (2) Richardson depen- 
dences for Ii. The straight lines are linear approximations of 
the data in curve 1 in the intervals T = (130 ^ 220) K (3) and 
T = (230 -f- 330) K (4) 
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Fig. 5. Dependences of 'I'bi-value on the reciprocal of the 
doubled temperature {1) and ni (2). The straight lines are 
linear approximations in the intervals T = (130-^220) K (solid 
lines) and T = (230 330) K (dotted lines) 
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Fig. 6. Modified Richardson dependences l|10|l for Isi- erg = 
0.099 {1) and 0.036 V (2). Straight Unes 3 and 4 are the linear 
approximations of curve 1 in the interval T = (130 220) K 
and curve 2 in the interval T = (230 330) K, respectively 

the SBH is described by a Gaussian distribution, the 
theory of TE brings about the relation [Ili . il6ril8j 



$° - q<7l/{2kT), 



(8) 



where $5] is the average SBH, and (t$ is the standard 
deviation of a barrier height, which characterizes the 
contact uniformity. The corresponding dependence 
for our case is depicted in Fig. [5] (curve 1). One 
can see that the hnear dependence really takes place, 
however, in two separate temperature intervals, T ~ 
= 130 220 and 230 330 K. Linear approximations 
by formula ([5]) gave the following fitting parameters: 
$0^ J = (0.872±0.003) V and ct$j = (0.099±0.001) V 



for the former interval, and „ = (0.656±0.003) V 
and (TcE,,!! = (0.036 ± 0.004) V for the latter one. 

In the framework of another model for the non- 
uniform Schottky contact (f^jisj , the SBH is assumed 
identical over the whole MS interface, excluding the 
sections with small areas (patches), where the SBH 
is lower. The patches may differ from one another by 
their area and SBH, and the corresponding character- 
istic parameter is described by the Gaussian distribu- 
tion hj. It was shown in a number of works (l9l . [20t 
that those theories can be used together. In the case 
where inhomogeneous patches do exist, relation ([8]) 
remains valid, but the quantity <f>{J means the SBH 
magnitude in the uniform region. 

In the literature 13|, [ij, |28| , the dependence be- 
tween the $h- and n-values obtained from the CVC 
analysis was shown to be linear in the case of con- 
tacts with local inhomogeneities. Moreover, 
at n = riif, where 



$0 



nif 



1 

^+4 



-,1/4 



bb 



(9) 



is the ideality factor that takes the influences of im- 
age forces into account [iJl, Vbb = — Vn — V) 
is the band bending in the semiconductor layer near 
the contact, is the semiconductor dielectric con- 
stant, and Eq is the dielectric permittivity of vacuum. 
In the dependence $6i(?t.i), similarly to the previous 
cases, two linear sections are observed with a cusp at 
T w 225 K (see Fig. [51 curve 2). The extrapolation 
procedure gave ^'^^ j = (0.646 ± 0.005) V for the in- 
terval T = (130^220) K and $g„ „ = (0.64 ±0.02) V 
for the interval T = (230 ^ 330) K. 

Taking Eqs. ^ and ^ into account, the Richard- 
son dependence for the case of a barrier with differ- 
ent inhomogeneous patches can be written down in a 
modified form [l^ 17 1 



in 1^1- 



2fc2r2 



(10) 



The corresponding plots for the obtained (t$.i- and 
cr$_ii-values are shown in Fig. |6l The linear approx- 
imations of those curves in the corresponding tem- 
perature intervals selected for the determination of 
(T(i,j and cr$ji brought about the following parame- 
ters: $gfl,M,i'= (0.874 ±0.004) V and A*^^^^ = (125± 
±20) A/cmVK^ for T = (130 ^ 220) K, and 
(0.655 ± 0.003) V and A|,m,ii = (110± 



(T>0 

^bRMJI 
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Table 1. Determinated parameters for Mo/n-Si Schottky diodes 



Determination technique 


Barrier height, V 


Richardson constant, A/cm^/K^ 


130-220 K 


230-330 K 


130-220 K 


230-330 K 


Richardson dependence 


0.141 


0.599 


3.7 X 10^1" 


32 


Dependence <!>(, versus n 


0.646 


0.64 






Dependence <&;, versus {kT)~^ 


0.872 


0.656 






Modified Richardson dependence 


0.874 


0.655 


125 


110 


VFC 




0.689 






Source[23l 






112 



±10) A/cmVK^ for T = (230 330) K. Note that 
the magnitudes of A*j^j^,j j and A^jy^ jj practicaUy co- 
incide with the corresponding hterature data within 
the measurement errors. The parameters obtained in 
different ways are hsted in Table 1. 

The temperature dependence of the ideahty factor 
is known to depend on the charge transfer mechanism. 
For example, if the thermal field emission (TFI5) or 
deep-level-assisted tunneling dominates, then [^jQ 



n^E„o/{kT) coth [Eoa/{kT)], 



(11) 



where Eqq is a characteristic energy. Note that, in 
the TFE case, Eao = (;^/2)[iV£,/(r7^*eseo)]^/^ where 
m* = 1.08 X 9.11 X 10^^^ kg is the effective electron 
mass; therefore, for the examined specimens and the 
temperature interval, there would have been n ?» 1 
in this case. However, if TE prevails, the tempera- 
ture dependence of n for real contacts is often written 
down in the form Q 



71 = 1 + To/T, 



(12) 



where To is a certain constant. In the case of different 
patches, it was shown [l2,13,3| that 



To = qal/{3kVbb)- 



(13) 



In Fig. [71 the calculated dependence for the in- 
verse CVC slope, nkT, and a number of curves cal- 
culated by Eqs. ([TT|) and ((T2t are depicted. One can 
see that the data obtained for ni at high tempera- 
tures are described satisfactorily by expression ([T^ 
with To = 12 K. On the other hand, the calculations 
by Eq. and with the use of the obtained <I>°p jj- 
and (T$ji-values show that, in the temperature inter- 
val 230-330 K, the model with local inhomogeneities 
brings about rather a close value To_thoory ~ 11 K. 



Hence, the results presented above testify that the 
current Ii can be described in the framework of the 
model considering TE through a non-uniform barrier. 
An additional argument in favor of this conclusion 
is a qualitative coincidence of the conventional and 
transformed Richardson dependences (Fig. |4]) and the 
temperature dependence of 712 in the interval 130- 
220 K (Fig. [7|) with the corresponding dependences 
predicted in the framework of this model (see Fig. 11,6 
in work fTs] and Fig.[3]in work fi^). By the way, note 
that, in the case where the SBH is determined from 
VFCSj the influence of inhomogeneities is insignificant 
17lj29fl . Therefore, the cv-values can be compared 



with <I>°-ones obtained from CVCs. 



The only thing that needs a more detailed atten- 
tion is the difference between the and (T$-values 
in different temperature intervals, which is not pre- 
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Fig. 7. Temperature dependences of the inverse CVC slope ni 
(1) and 712 (2). Dotted curves exhibit the results of theoretical 
calculations according to formulas I I12I I (curves A and B) and 
im (curves C to G). To = 12 (A) and 206 K (B). Eqo = 12 
(C), 17 (D), 22 (E), 27 (F), and 32 mV (G). Solid straight line 
corresponds to the ideal case n = 1 
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Fig. 8. Temperature dependences of the reverse current in 
Mo/n-Si Schottky diodes at various bias voltages. Points cor- 
respond to the experiment data, lines to their approximations 
by formula ([TSJl in the intervals T = (130^220) K (solid lines) 
and T = (230 330) K (dotted lines) 
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Fig. 9. Field dependences of the characteristic energy (a) and 
the temperature-independent component of the reverse current 
in the Fowler-Nordheim coordinates (6) at T = (130 220) K 
(curves 1 and 3) and T = (230 330) K (curves 2 and 4). 
Points correspond to experimental data, straight lines to their 
linear approximations 



dieted in the framework of the theory for non-uniform 
contacts. At the same time, we note that a similar 
situation has already been observed in practice, e.g., 
in works [iB - llsllsot . Such phenomena were explained 
as a domination of other, different from TE, mech- 
anisms of charge transfer at low temperatures, such 
as TFE (l6 Jl8|. tunneling [l3|, and recombination 
processes (l8]. However, in our opinion, the coinci- 
dence of the values obtained for A*j^ with the litera- 
ture data testifies that it is just the TE theory that 
is applicable to this case. The changes in the depen- 
dence slope in Fig. [5] can be associated with increase 
in the electron emission rate by defects at the MS in- 
terface. Really, the level depletion in some defects at 
T w 225 K should stimulate a reduction of SBH and 
start a mechanism, owing to which some inhomoge- 
neous patches with elevated concentrations of similar 
defects cease to be the regions of facilitated current 
passage due to the effective capture of drifting elec- 
trons by traps. As a result, (t$ has to diminish in the 
high-temperature interval, which is really observed 
experimentally. 

Now, let us come back to the current prevailing at 
low biases in the low-temperature interval; it is 12- 
In work [l^ . it was shown that such a current can 
appear at low temperatures in non-uniform contacts 
as an additive to Ii owing to the passage of charge 
carriers through inhomogeneous regions. The ideal- 
ity factor for the corresponding CVC section should 
expectedly and considerably exceed 1 at that, and a 
substantial influence of the series resistance should 
also be observed. Just this phenomenon was revealed 
in our researches (see Figs. [T] and In the case 
where the current through the patches is governed by 
the TE mechanism, we have 



h = SfpA*T^ exp [-g$b,p/(fcT)] , 



(14) 



where fp is a multiplier that takes the of inho- 
mogeneous patches into account, and ^b,p is the av- 
erage value of SBH in those regions. As is seen from 
Fig- El the SBH <I>f,2, being calculated on the basis of 
formula ((2), is a linear function of the temperature, 
$^2 ^a^+ b^T, where = (0.056 ± 0.001) V and 
6$ = 2.4 X 10-3 V/K. Comparing Eqs. © and (fTi| . 
we may write down that fp — exp(—qb^/k) ~ 10"^^ 
and ^b,p = — 0.056 V. As concerns the quantity 
712, its temperature dependence is also described well 
by formula dH]) with Tq = (206 ± 5) K (Fig. [T]). 
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In Fig. [HI the dependences of the reverse current in 
examined structures on the reciprocal temperature in 
the bias interval V = —(0.5-4.0) V are exhibited. It 
was found that two temperature sub-intervals, 130- 
220 and 230-330 K, are also expedient to be consid- 
ered in this case. In each of them, the temperature 
dependence of the reverse current at a constant volt- 
age is well approximated by the expression 

/ = CT2exph£;o/(fcT)]+/o, (15) 

where the first term describes the TE current com- 
ponent, and the second one is the temperature- 
independent one, with the parameters C and Eq being 
also independent of the temperature. 

The revealed dependence of the characteristic en- 
ergy Eq on the applied voltage evidences the varia- 
tion of SBH. It is known ^,Ll3jil31ll that a reduction of 
the barrier height, when the reverse bias is applied, 
can occur owing to the influence of image forces (in 
this case, the SBH variation is A$f, V^l^) and the 
electric field (A$f, V^^^), as well as to the influ- 
ence of inhomogeneous regions. In the latter case, 
A$f, V^^^, and the proportionality coefficient de- 
pends on the local patch parameters [13]. For the 
structures concerned, the quantity Eq acquires differ- 
ent values in every temperature interval. However, 
if the reverse bias increases, Eq decreases as a linear 
function of V^^^ in both cases (Fig. [5Ja). Hence, the 
analysis of the reverse CVC branches also confirms 
that the current through the analyzed structures can 
be described in the framework of the model for a non- 
uniform contact with patches, the influence of which 
on the charge transfer changes at a temperature of 
about 225 K. 

The relative contribution of the temperature- 
independent component to the reverse current was 
found to grow with the bias voltage. In Fig. [9l&, 
the field dependences of the current Iq are depicted 
in the Fowler-Nordheim coordinates, ln(/o/-Ej/) ver- 
sus {1/Em), where Em = [2qNDVbb/{esSQ)]^/^ is 
the electric field strength at the metal-semiconductor 
interface Q. While calculating Em, we used the 
^fjjn-value obtained for the corresponding temper- 
ature interval and the T^-value averaged over it. 
The linear behavior of dependences in Fig. and 
the independence of the current component Iq of 
the temperature testify to the tunnel origin of this 
component. 



4. Conclusions 

In this work, we have experimentally studied the for- 
ward and reverse CVC branches for Mo/n-Si struc- 
tures with a Schottky barrier in the temperature in- 
terval 130-330 K. We have found that the barrier 
height increases with the temperature, whereas the 
ideality factor demonstrates the opposite tendency. 
It is shown that the obtained results can be ex- 
plained in the framework of the model of thermionic 
emission through a contact containing local regions 
with lowered values of barrier height. The barrier 
height in the uniform contact region and the stan- 
dard deviation of SBH are determined to be 0.872 
and 0.099 V, respectively, in the interval 130-220 K, 
and 0.656 and 0.036 V, respectively, in the inter- 
val 230-330 K. For the transformed Richardson de- 
pendence, we determined the Richardson constant, 
115±10 A/cm^/K^. The average barrier height in the 
inhomogeneous regions was determined to be 0.056 V. 
The reverse current was demonstrated to be driven by 
both thermionic emission through the non-uniform 
barrier and tunneling, with the relative contribution 
of the latter mechanism growing if the bias voltage 
increases. 

The author is grateful to A.B. Nadtochii for his as- 
sistance in carrying out VFC measurements. 
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O.^I. Oaix 

OCOBJIHBOCTI nEPEHECEHH51 3APJIfly 

B CTPyKTYPAX Mo/n-Si 3 BAP'GPOM UIOTKH 

P e 3 K5 M e 

y po6oTi eKcnepHMeHTajibHO flOCJiiflJKeHO npaivii xa SBopoTHi 
BOjitT-aMnepni xapaKTepncTHKH cTpyKTyp Mo/n-Si 3 6ap'epoM 
IlIoTKH B flianasoHi Teivmepaxyp 130-330 K. BusiBjieHO, mo 
npn niflBHmcHHi TeMnepaTypn mae MicLi,e 36ijibmeHHa bhco- 
TH 6ap'epa IIIotkh xa 3MCiimeHH5i 4>aKTopa Hei^eajiBHOCTi. 
IlpoBe^eHO anajiis oxpHMaHHx pcsyjiBTaxiB y paMKax moj\e- 
jii HeoflHopiflHoro KOHTaJCTy. BHSHaneHO cepeflne 3Ha';iCHHH Ta 
CTSHflapTHe BiflXHjieHHa bhcoth 6ap'epa IIIotkh; 0,872 B Ta 
0,099 B npH T = 130-220 K i 0,656 B Ta 0,036 B npH 
T = 230-330 K BiflnoBiflHO. IloKasaHO, mo npH SBopoxHO- 
My SMimeHHi ochobhhmh npoii,ecaMH nepeHecenHH aapH^y e 
TepMoejieKTpoHHa eMicia Hepe3 HeoflHopiflHHit 6ap'ep Ta Ty- 
HejiioBaHHa. 
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